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Life Detection and Sensors
Bio-Info-Nano Science

Michael C. Storrie-Lombardi, M.D.

Raman Spectroscopy & Native Fluorescence Imaging Laboratory
Center for Life Detection & Virtual Planetary Laboratory

Jet Propulsion Laboratory, California Institute of Technology
(818) 354-5651 mcsl@jpl.nasa.gov




vaporite Crystals (Halophiles

* Yellowstone Hydrothermal Biofilms

» Hydrothermal Vents and Arctic Ice
 Paleobiology-Fossil Ferns/Cyanobacteria

Remote and In Situ Biosignature Detection
* Entropy Image Analysis/Neural Networks
 Virtual Planetary Laboratory

» Soap Lake Microbial Observatory
 Serpentinization/Habitable Planets
 Stromatolites/Complexity Analysis

s THEMIS

(M. Mormile, UMR)
(A. Neal, MSU)
(A. Lane, JPL)
(A. Czaja, L. A. Smith, UCLA)

(R. Bhartia, JPL)

(V. Meadows, JPL/SIRTF)
(H. C. Pinkart, CWU)

(K. Nealson, R. Rye, USC)
(F. Corsetti, G. Tinetti, USC)
(K. Nealson, G. Tinetti, USC)




workshop titled "Biology-Information Science-Nanotechnol ogy
Fusion & NASA Missions," October 7-9, 2002 at the Ames
Research Center. Co-chairsincluded G. Scott Hubbard (NASA),
T.R. Govindan (NASA), Lewis Peach (USRA) and Kathleen
Connell (USRA ) http://binfusion.arc.nasa.qov

* The workshop discussed the science challenges generated by
NASA missions and the possible advantages of cross-disciplinary
research in biology, information science, and nano-technology.




 Since only 5 members of the NAI attended this meeting
and since many of the participants seemed unaware of
the distributed and inter-disciplinary model developed by
the NAIl over the last five years, a series of slides were
presented outlining the NAlI Roadmap, Lead Teams, Field
Sites, Multidisciplinary Science, and NASA Mission
Involvement.

« These are not reproduced here, since they are well known




In Situ (including ISS as an extreme ecological niche)
1. ER Triage as a Model for In Situ Exploration:
Mass, Power, and Volume Constraints for 30 devices
2. Distributed surveys: 1000 sensors across Mars
Remote Sensing
Astronomical detection of biosignatures from extrasolar




The Virtual Planetary Laboratory:
Characterizing Extrasolar Planets

Using Nano-scale | nputsfor Remote Detection of
Complex Geobiological Syst




(® To learn how to use spectra to discriminate between extrasolar planets with

and without life.

= The results will drive the design and search strategies for future planet
detection and characterization missions.
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THE VIRTUAL
PLANETARY
LABORATORY

eConstructed with six interlocked models.

*Each model contributes to a range of
synthetic spectra to identify habitable planets
or potential biosignatures, and to derive
astronomical instrumentation requirements.

*The VPL must:

— improve modeling methods, inputs and
computational efficiency.

— cover a broad range of wavelengths

— consider planets other than Earth, around stars
other than our Sun.

— include non-oxygen producing life

— ultimately provide a comprehensive, flexible tool
which can be used by a broader community.
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Remote Sensing: Ground Truth and Detection Sensitivity

Ecosystem Complexity: Analytic Solution and
Experimental Data for Complex Feedback Systems Between
Organisms & Environment

Long Range Stability of a Biology Driven Environment:
A 10 Year Search in a 10 Gy Search Space




» Antarctic Cryptoendolithic Communities
» Deep Subocean Vesicular Basalts

» Evaoprite Crystals (Halophiles)
 Paleobiology-Fossil Ferns/Cyanobacteria
 Ultramafic Envioronments

MULTI-PROBE INSTRUMENTS

* Needs

* VVolume, Mass, Energy Constraints

 Example: Fluorescence and Rayleigh Imaging
+ Raman Spectra

(H. Sun, G. McDonald, JPL)
(M. Fisk, OSU; S. Douglas, JPL)
(M. Mormile, UMR)

(A. Czaja, L. A. Smith, UCLA)
(K. Nealson, R. Rye, USC)

(W. Hug, Photon Systems, Inc.)
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So what do we measure and in how many
ways?




Fundamental Event =% Neural Network =+ Bayesian Classification

Motion ”
Spatial Distribution -

Do size, mass, and energy
constraints demand a suite of

Elemental _ T E -
Abundance - nano-devices for in situ mission
science?

Diatomic Molecules -

Bl Life viotic)
Bl Pest Life (fossil)
- Non-Life (abiotic)

Organosynthesis -

Energy Transfer -

[]
—IN

Current 3-in-one instrument

Polymers

Ring Structures

Replication




Figure 1la depicts the first Ultraviolet Raman Spectrometer (UVRS |) and native fluorescence imaging system
constructed at the Jet Propulsion Laboratory Center for Life Detection. Although thisfirst system requires less
than half the mass, power, and volume of its predecessors, it still weighs 150 kg, occupies 4 m2 and requires
~500W. Figure 1b depicts the recently developed portable version of the system (UVRS Il) weighing 10 kg
(plus laptop), 20cm x 25cm x 50.8cm, and drawing <100W. Both systems operate at 224nm, 248nm, or 325nm.
The system can be easily configured to operate in a variety of extreme environments. The two systems were

Multi-bandpass Microscopic I maging UV to far Red
Fluor escence Multi-bandpass I maging
Raman and Resonance Raman Spectra




grating
12 cm! resolution

3600g/mm holographic

Spectrograph ICCD Detector

—
mm +J :
1 o6
LL SEheteh
LTty
I,
S,
T
L,
S,
LTk
I,
LT
@ PR
R
% Lty
% LR
Lk

L
-+
L
L
L

iy

&

e

iy

e

e

&

e

by

Y
Y

e
iy
Y

e

e

o
o

#
o
o

o+

&

e

o
o

Y
ey
e
iy

e
e
e e o o o o
e
hﬁﬂ++++++++++++
et
T

&

e

-
3
-
-
-

&

e

o
e

et

Tentpty ety

Mars Ultraviolet Raman and Fluorescence Explorer (MURFE)

Objective
Lens

Jﬂﬂﬂﬂﬂﬂﬁﬂﬂhﬂﬂﬂﬂr
B L SR Ao
ettty b b Bt

Ittty

Laser

8cm
224nm HeAg

spectrograph

ottt e e e e
S
e
i s
ehphts:
!

!
e

o
o
it

L e

e

&

&

£
£

L
bbbttt
Ephphphh bty
LRttty
Sy
e
AR
ettt

e e
o

&
-

o+

bbbty
e
CERTE

L

L
-+

2

G e e e e e e
G e o e e o e e

e o e o
£

&

G e e e e e
ﬁﬁﬁﬁﬁﬁﬁ?+
T

&

£
£

L

G e o e o e
-+

e

t
-

-+
£
£
£
o+
£
£
t

&

i

iy

iy

iy

iy

i
o+

&

iy

iy

L

e o
e
PEEERREL it

Sty

2
Aty
E
Aty
£y P,

e
R
e
e

++++++++++
P I I
T R LR

&

g
e
thy

&

iy
ittty
ettty
P EE R
FERERERER e
HR

"
e

g
Ly

&

&

L
e

&

&

%
S,

o e o e e
£

L
o

&

+ﬁ*+

2

&

&

£
e o e e

e

£
e

o

e

2
Z

(e

ey
R

£
£

&

&

e
o,
2
Lty

phetptetts
ety
Lty
bty
£
!

g
£
g
iy
£
g

1y

W

o
iy
g

thy

£
et

&

o
o
L

£
£

thy

thy

&

ICCD UV/Vis Imaging Camera

Center for Life Detection Rover-compatible in situ instrument fOr generating deep UV fluorescent images and Raman

UV microscope relay optics
spectra during a Mars surface or sub-surface m

SW.

Ion <

th mass ~2kg and power consumpt

1SSION WI




e Qutput >100mW at 224nm or 248nm
» Instantaneous startup (no preheat or standby)
e Narrow linewidth (<3GHz or 0.1cm1)
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Antarctica (Figure 2a) contains

a dry desert region (2b) with .
sandstone rocks (2c) serving as A, o ‘f_h.‘ -
refuge sites for complex : '

microbial communities. These

crytpoendolithic communities,

their survival strategy in a cold,







Antarctic Cryptoendolithic Communities: 224 nm EXxcitation of
Native Fluorescence in Sample AL845-504

60X Magnification <- Red White -> Rock Surface ->

224 nm laser excitation of an Antarctic rock cryptoendolythic community elicits a fluorescent response from filamentous
strands extending across a red|white mineral boundary zone. The excitation wavelength falls within the fluorescence
absorption bands for the aromatic amino acids. The filaments are most likely a previously identified fungal community.
Many filaments in the red(iron-rich) zone are covered with red granules morphologically similar to grains of hematite.
Microbial life in this extreme environment lives in close association with the mineral matrix of the surrounding sandstone.
Co-registration of visible and native fluorescence images allow a detailed examination of the 3-dimensional organic-
inorganic interaction. {Specimen courtesy of E. I. Friedman & H. Sun}

For more information contact M. C. Sorrie-Lombardi, M.D. mcd @jpl.nasa.gov







DEEP UV AND EDS PROFLIES
[Fe] Biomass

Estimation of the iron concentration using energy dispersive x-ray spectroscopy (EDS) produces an
[Fe]eds profile across an Antarctic sandstone cryptoendolithic community. The estimation of [Fe]
using total red-band flux (®r) normalized for total RGB flux during white light illumination produces
a markedly similar profile. Significant deviation occurs only in the upper 1.0 mm of crustal material.
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Visible reflectance (Figures a, b, d, and f) and
fluorescent (Figures c, e, and g) images of deep
subsurface volcanic basalt reveal an area of
native fluorescence at the clay-mineral boundary
of two vesicles. The native fluorescent images
were a result of 224 nm deep UV excitation
using a hollow cathode ion laser (Photon
Systems, Inc.). Resonance Raman data (Figureh)
obtained with 248 nm laser excitation reveal
activity between 1300 and 1600 wavenumbers.
In terrestrial samples such resonance activity
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48 million year old fossil ferns exhibit a markedly well-preserved deep
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Phenanthrene, a 3-ring PAH Tryptophane in water
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Complexity... or whatever we decide to
call it!




NGC-3031 and Complexity Transformation
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Antarctic Rock — Red Zone Complexity

224 nm induced fluorescence Complexity Image




Antarctic Rock — Environmental Scanning Electron Microscopy

Original ESEM Image Complexity Image

(image courtesy of S. Douglas)




Nucleus | Cytoplasm Differentiation in Human Squamous Cell

A human squamous cell exhibits native
fluorescent activity after illumination at
224.3 and 248.6 nm. The resulting images
were digitally subtracted. Differences in
both fluorescence response and absorption
of deep UV radiation by the nucleic acids
and the aromatic amino acids make possible
the rapid distinction of nucleus from
cytoplasm. The digitally combined image
was then transformed according to
information content into an Entropy Image.

Difference Image

For more information contact M. C. Sorrie-Lombardi, M.D. mcd @jpl.nasa.gov Entropy |mage




Stromatolites, Complexity, and Scaling:

An example of the need for nanometer
scale data.




e Conspicuous in marine and
lacustrine carbonate environs
between ca. 3.5-0.544 Ga.

— Easy to see at the outcrop scale
(Rover)

» Traditional Viewpoint:

— organosedimentary structures
built by microorganisms

— a biosignature!

NN _nn-_

mcsl @j pl.nasa.qov




Multi-probe search for

quantitative estimates of

- Diagenesis

- Spatio-temporal shifts

-Biotic-Abiotic
Classification by
Complexity Analysis

mcsl @ pl.nasa.gov




mcsl @j pl.nasa.qov




Substrate

| 1005 nm .
s —50-100 nm

state 2 (\'

Mineral Matrix:; state 2

Mineral Matrix:; state 1

mcsl @j pl.nasa.qov




The Abiotic Planet Model
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Solution? Nano-scale measurements of extant and residual signatures of
Interactions between microbial communities and their geological matrix.

DEM3

Bittar spings
boxonia




nanotechnology and information science using the NAI
distributed network as a model.

. Focus on one day providing missions with a SUITE of
20-30 instruments available for autonomous selection
by a remote probe with selection dependent on real time
analysis of incoming data.

. Investigate the nano-science and complexity theory
constraints on building distributed survey networks of




“The search for life in the universe Is too important
to be left to adults.”

M. C. Storrie-Lombardi, M.D., 9.1.99

from an idea by A. E. Storrie-Lombardi, 10.1.96




